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Length of Hospital Stay Following Elective Abdominal Aortic 
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U.K. Small Aneurysm Trial Participants 
Trial Office, Department of Surgery, Charing Cross Hospital, Fulham Palace Road, London W6 8RF, U.K. 
Objectives: To investigate factors associated with a prolonged hospital stay after elective open surgical repair of abdominal 
aortic aneurysm. 
Patients and methods: We have investigated prospectively base-line risk factors associated with an increased length of 
postoperative hospital stay in 474 of the patients undergoing surgery as part of the U.K. Small Aneurysm Trial. 
Results: The median length of hospital stay was 11 days (interquartile range 9-14 days). Age (within the range 60-76 
years), sex, body mass index, aneurysm diameter, graft type (tube or bifurcated), hospital (university or other), ECG 
characteristics, angina (from Rose questionnaire) and~or previous myocardial infarction were not associated with length 
of hospital stay. Quality of life also was assessed before surgery using the Medical Outcomes Study SF20. Psychosocial 
aspects including level of social functioning, role functioning, mental health, health perceptions and pain were not 
associated with length of postoperative stay. The level of preoperative physical functioning was associated inversely with 
length of hospital stay, p = 0.004. Patients" length of hospital stay also was inversely associated with preoperative lung 
function: FEV1, p = 0.01I and FVC, p = 0.006. In contrast, smoking habit was of only borderline significance, p = 0.09. 
Conclusion: Conditional logistic regression analysis identified only preoperative lung function (FEV1 and FVC) and 
physical functioning, three intrinsically linked factors, as predictors of length of hospital stay after elective repair of an 
abdominal ortic aneurysm. 
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Introduction 
Elective open surgical repair of abdominal aortic an- 
eurysm is one of the safest and most durable operations 
performed by vascular surgeons. The number of these 
operations is increasing for three principal reasons. 
First, there is the burgeoning population of the group 
most at risk of this disorder, men over 65 years of age. 
Second, the incidence of aortic aneurysms appears to 
be increasingY Third, the increasing popularity of 
ultrasound screening programmes has resulted in 
more aneurysms being detected, particularly small 
asymptomatic aneurysms. 4 
There is no scientific evidence to indicate how large 
an abdominal aortic aneurysm ust be before the risk 
of rupture exceeds the risk of death associated with 
elective surgical repair. To address this problem the 
United Kingdom Small Aneurysm Trial was designed 
and established in 1991. s'6 The U.K. Small Aneurysm 
Trial is a random allocation trial to investigate whether 
* Please address all correspondence to: Prof. J. T. Powell, Department 
of Vascular Surgery, Charing Cross Hospital, Fulham Palace Road, 
London W6 8RF, U.K. 
early elective surgery or a period of ultrasound sur- 
veillance provides the better management for patients 
with asymptomatic abdominal aortic aneurysms 
4.0-5.5 cm in diameter. The outcome measures include 
all-cause mortality, quality of life and costs of the two 
treatments. 6 
Careful economic analysis has provided the hospital 
costs of elective surgical repair. 7This analysis dem- 
onstrated that the largest single item contributing to 
hospital costs was the number of days a patient spent 
in hospital: standard ward bed-days accounted for 
one-third of the total costs .  7 In an era where cost 
containment is a critical issue for vascular surgical 
services, there are continual attempts to reduce the 
length of hospital stay both before and after sur- 
gery. 8'9 To reduce hospital costs it has been suggested 
that patients could be admitted on the day of planned 
aortic surgery, rather than beforehand. 8 A Canadian 
study has suggested that female patients undergoing 
aneurysm repair have longer hospital stays, and hence 
higher hospital costs than male patients. 9 
The detailed, accurate data from the U.K. Small 
Aneurysm Trial provided the opportunity to in- 
vestigate prospectively factors associated with length 
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of hospital stay after elective open surgical repair of 
an abdominal aortic aneurysm in a large cohort of fit 
patients aged 60-76 years. The results indicate that 
preoperative pulmonary function is the strongest pre- 
dictor of length of hospital stay after aneurysm repair 
and suggest hat vascular surgeons hould be keenly 
aware of how postoperative pulmonary complications 
might contribute to spiralling hospital costs. 
Patients and Methods 
Between August 1991 and October 1995, 1090 patients 
from participating vascular surgeons across Britain 
were randomised to either early elective surgery (n = 
563) or a period of ultrasound surveillance (n = 527), 
as described previously. 6 This study reports on the 
first 474 patients undergoing elective surgery who 
were discharged irectly from hospital to their home 
and had completed 1 year of follow-up postoperatively 
by October 1996. Patients who were transferred from 
university hospital where surgery was performed to 
another hospital (without vascular surgical services, 
but closer to patient's home) were excluded (n = 7). 
Patients who died in hospital also were excluded, so 
that death could not decrease falsely the length of 
hospital stay. A few patients were excluded because 
coded data sets were still incomplete (n = 12). 
The pre-randomisation assessment was performed 
by the consultant trialist and the trial co-ordinator. 
The trial co-ordinator measured FEV1 and FVC using 
a portable spirometer (Micromedical, Rochester, Kent) 
and administered the SF20 quality of life ques- 
tionnaire. ~ Other tests included a resting ECG, and 
blood profiling for haematological nd biochemical 
variables. 
The length of hospital stay (LOS) was defined as 
the number of days from operation to hospital dis- 
charge plus 1, to allow for admission the day before 
planned surgery. Data was coded and entered by 
the trial co-ordinators or data monitor. To verify the 
accuracy of data coding and entry 20% of the data sets 
were double coded and double entered. ECGs were 
coded as normal, borderline ischaemia or ischaemia by 
two independent observers, using Minnesota coding. ~° 
Data was analysed by conditional logistic regression 
and by stratification of continuous variables into ter- 
tiles followed by Chi-squared test, with statistical sig- 
nificance set at p<0.05. Significant associations were 
confirmed by Spearman-Kendall rank correlation. 
Results 
The 474 patients included 398 men (84%) and 76 
women, mean age 69_ 4 years. The median length of 
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Fig. 1. Distribution of length of hospital stay. The length of stay 
was calculated as the number of days from operation to discharge 
+ 1, to account for the normal procedure of admission the day 
before planned surgery. 
hospital stay was 11 days (range 5-295 days), Fig. 1. 
The length of hospital stay was the same for men 
(median 11 days, range 5-295 days) and women (me- 
dian 11 days, range 6-34 days). All those with very 
extended hospital stays were men. Age, within the 
range 60-76 years, did not influence the length of 
hospital stay (Table 1). 
The length of hospital stay was similar in those 
patients undergoing surgery in a university hospital 
(n = 188, median stay 11 days, range 6-34 days) or a 
district general hospital (n = 286, median stay 11 days, 
range 5-295 days). All those with very extended hos- 
pital stays underwent surgery in a district general 
hospital. Tube grafts were used in 362 (76%) patients 
and bifurcated grafts in 107 patients: for five patients 
the information concerning raft type was not avail- 
able. The median length of hospital stay was 11 days 
for both groups (Table 1). Thirty patients (27 men, 
three women) required further surgery within 30 days 
and for these patients the median hospital stay in- 
creased to 17 days (range 7-189 days), p<0.001. The 
use of bifurcated grafts (12/30, 40%) was associated 
with a two-fold increase in the risk of reoperation, p = 
0.03. 
Preoperative cardiac status including angina (from 
Rose Questionnaire12), history of a previous myo- 
cardial infarction and ECG coding had no significant 
effect on length of hospital stay (Table 1). Body mass 
index was not associated with length of hospital stay 
(Table 1). Baseline blood variables which were not 
associated with length of stay included cholesterol, 
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Table 1. Length of hospital stay according to preoperative and operative characteristics 
in 474 patients. 
Characteristics Number Median (IQR) 
stay 
(days) 
Sex Male 398 11 (9-13) 
Female 76 11 (9-14) 0.66 
Age (y) 60-66.9 148 10 (9-12) 
67-70.9 153 11 (9-13) 
71 + 183 11 (9-14) 0.35 
Body mass index <23.5 159 11 (9-14) 
(kg/m 2) 23.5-25.9 141 11 (9-12) 
26.0 + 164 11 (9-13) 0.70 
Smoking Never 31 10 (8-13) 
Ex-smoker 266 11 (9-14) 
Smoker 175 11 (9-13) 0.09 
Angina No 406 11 (9-13) 
Yes 63 11 (10-14) 0.53 
Previous MI No 397 11 (9-13) 
Yes 77 11 (9-13) 0.56 
ECG Normal 293 11 (9-13) 
Possible ischaemia 116 11 (9-14) 
Ischaemic changes 63 11 (9-13) 0.33 
FEV 1 (litres) <1.9 138 12 (10-14) 
1.9-2.5 168 11 (9-13) 
>2.5 166 10 (8-12) 0.011 
FVC (litres) <3.0 142 12 (10-15) 
3.0-3.7 166 11 (9-14) 
>3.7 164 10 (8-12) 0.006 
Hospital University 188 11 (9-13) 
District general 286 11 (9-14) 0.28 
Graft Tube 362 11 (9-13) 
Bifurcated 107 11 (10-14) 0.18 
haemoglobin, haematocrit, urea, creatinine and potas- 
sium. Only 31 patients (0.65%) had never smoked, 
their length of hospital stay was shorter than those 
patients with a smoking history; however, the as- 
sociation between smoking and length of hospital stay 
failed to reach statistical significance, p =0.09 (Table 
1). For 460 patients plasma cotinine concentrations 
were available to confirm smoking status. The length 
of hospital stay was the same (median 11 days, 1Q 
R 9-13 days) in those with low (<200 mmol/1, non- 
smokers) and high (>200mmol/l, n=189) cotinine 
concentrations. In contrast, preoperative lung function, 
FEV1 and FVC, was associated significantly with length 
of hospital stay (Table 1). Patients with the lowest 
tertile of FEV1 (<1.9 1) had the longest hospital stays, 
median 13 days (range 7-189 days), whereas those in 
the upper tertile for FEV~ (>2.5 1) had the shortest 
hospital stays, p=0.011 (Fig. 2). After adjustment for 
age and sex, there was a more significant inverse 
association between FEV~ and length of hospital stay, 
p = 0.001. Similarly patients in the lowest ertile of FVC 
(<3.0 l) had the longest hospital stays, whereas those 
in the upper tertile (>3.71) had the shortest stays, p = 
0.006 (Table 1). 
Quality of life was assessed before surgery using 
the Medical Outcomes Study SF20. The level of pre- 
operative physical functioning also was associated 
inversely with the length of hospital stay, p<0.0001 
(Table 2). Other quality of life aspects, including the 
level of social functioning, mental health, health per- 
ceptions and pain were not associated with the length 
of hospital stay (Table 2). 
Discussion 
There is increasing pressure on vascular surgeons to 
provide high quality hospital care at a lower hospital 
cost. Scrutiny of the hospital costs associated with 
elective open surgical repair of an abdominal aortic 
aneurysm has suggested that strategies to reduce the 
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Fig. 2. Length of hospital stay and preoperative lung function, a.
(Upper panel FEV1) There is an over-representation of patients with 
above median FEV1 ([B) in those with hospital stays of 5-8 days, 
and an over-representation of patients with below median FEV~ ([]) 
in those with hospital stays longer than 14 days. (•) Below median 
FEV~; (D) above median FEV~. b. (Lower panel FVC) There is an 
over-representation of patients with above median FVC ([~) in those 
with hospital stays of 5-10 days, and an over-representation of 
patients with below median FVC (•) in those with hospital stays 
longer than 14 days. ([]) Below median FVC; ([~) above median 
FVC. 
length of hospital stay, both before and after aneurysm 
repair, could have an important impact on reducing 
hospital costs. 7The U.K. Small Aneurysm Trial has 
provided an excellent opportunity to investigate pro- 
spectively, ina manner which reflects nationwide prac- 
tice, those factors which are associated with an 
increased length of hospital stay after elective an- 
eurysm repair. Our results uggest that impoverished 
lung function and low levels of physical functioning 
before surgery are associated very significantly with 
an increased length of hospital stay after surgery. 
The length of hospital stay, median 11 days, was 
similar to that reported in a Canadian study 9where 
the median stay, 11 days, excluded the day of ad- 
mission. This suggests that practice is similar on both 
sides of the Atlantic. The Canadian study, which like 
this study excluded patients who died in hospital, 
indicated that women had longer hospital stays than 
men. We found no such evidence of sexual dis- 
crimination, rather all those with very extended hos- 
pital stays (>35 days) were men. Also in contrast 
to the Canadian study, there was no evidence that 
preoperative social or psychological functioning af- 
fected length of hospital stay in patients undergoing 
elective aneurysm repair in the context of the U.K. 
Small Aneurysm Trial. Perhaps some of these dif- 
ferences tem from the upper age limit of 76 years on 
patients in the U.K. Small Aneurysm Trial. The average 
age of the Canadian patients was 70_+ 7 years, com- 
pared with 69-t-4 years in our study. 
Although postoperative cardiac complications, in- 
cluding myocardial infarction, are thought to be com- 
mon after aortic aneurysm repair, there was no 
evidence that previous history of myocardial disease 
or signs of ischaemia on ECG influenced the length of 
hospital stay. This information must be interpreted 
cautiously, since patients who died in hospital were 
excluded from the present study. Our findings hould 
not be used to endorse recent opinion that preoperative 
cardiac assessment before aneurysm repair may be 
unnecessary. 13 
The most important finding in this study is the 
inverse association between lung function and length 
of hospital stay. Postoperative pulmonary problems, 
including pneumonia nd prolonged intubation, may 
occur in about 10% of patients following elective repair 
of an abdominal ortic aneurysm. 8'14'15 Respiratory fail- 
ure also is a very important problem following repair 
of a thoracoabdominal aortic aneurysm, in which low 
preoperative FEV1 has been associated with post- 
operative respiratory failure. ~6 Numerical illustration 
of the inverse association between FEV1 and length of 
hospital stay in Small Aneurysm Trial patients i  most 
readily appreciated if mean (± S.E.M.) lengths of hos- 
pital stay are calculated for patients in each tertile of 
FEV~. For patients with FEV1 <1.91 the mean stay was 
15.0 ± 1.43 days, reducing to 13.9 _ 1.8 days for patients 
with FEV~ between 1.91 and 2.51 and even further to 
11.2 ± 0.3 days for patients with FEV~ >2.51. Impaired 
lung function will have an important effect on the 
physical tasks a person can undertake. Therefore it is 
not surprising that we also observed a very strong 
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Table 2. Length of hospital stay and preoperative quality of life assessment. 
Quality of life Hospital stay Number Mean score p 
(_+s.D.) 
Physical function <11 days 206 4.23 + 1.72 
_> 11 days 222 3.87_+ 1.81 0.004 
Social function <11 days 206 5.44 _+ 1.16 
> 11 days 222 5.31 ± 1.30 0.26 
Role function <11 days 206 1.54 _+ 0.72 
~> 11 days 222 1.41 _+0.81 0.07 
Mental health <11 days 206 25.5 _+4.0 
> 11 days 222 25.0 _+4.3 0.20 
Pain <11 days 206 3.67 _+ 1.26 
> 11 days 222 3.46 -t- 1.25 0.09 
Health perceptions <11 days 206 18.1 _+4.57 
> 11 days 222 17.4 _+4.85 0.09 
Missing data for some responses limited these analyses to 428/474 (90%) patients. 
inverse association between level of preoperative phys- 
ical functioning (assessed by SF20) and length of hos- 
pital stay in a cohort of patients considered fit for 
elective surgery. 
To introduce fitness training before elective an- 
eurysm repair is not a realistic objective. However, 
the important association between lung function and 
length of hospital stay (and hence costs) after elective 
aneurysm repair suggests three realistic ways in which 
the length of hospital stay could be reduced: pre- 
operative breathing exercises and lung physiotherapy, 
increased use of postoperative lung physiotherapy and 
a heightened alertness of the attending clinician to 
postoperative pulmonary status. The same strategies 
also may reduce the length of hospital stay after other 
major vascular surgical procedures. 
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